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B
efore 1980, standard practices
for manipulating antineoplastic
agents generally involved the

use of horizontal-laminar-airflow
hoods, with very limited use of per-
sonal protective equipment. During
the 1980s, anecdotal reports and
quantitative studies began appearing
that highlighted the potential dan-
gers associated with preparing and
administering these medications and
the inadequate safety provided by ex-
isting practice standards.1-6 A series of
guidelines and recommendations
from professional organizations and
government agencies on the safe
handling of cytotoxic drugs began
appearing.7-11 Key elements of today’s
standards include rigorous training
and certification programs; use of
class 100 cleanrooms; use of vented
class II biological-safety cabinets or
barrier isolators; use of appropriate
gloves, gowns, caps, and masks; poli-
cies for proper storage and disposal;
and detailed personnel policies regard-
ing potential teratogenic effects.12-14

Despite increased awareness of
the potential hazards associated with
antineoplastic agents and the result-
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ant changes in practice patterns,
studies have continued to demon-
strate that the safety problem is far
from solved.15-21 Environmental and
personnel exposure continues to be
demonstrated. In a study by Connor et
al.,22 cytotoxic contamination was
demonstrated in six U.S. and Canadi-
an cancer centers that had recom-

mended precautions in place. Valanis
et al.23 evaluated 7094 pregnancies
(most occurring before 1986) among
2976 pharmacy and nursing staff
members and found a significantly
increased risk of spontaneous abor-
tion and stillbirth for women ex-
posed to antineoplastic agents during
pregnancy. Many common antineo-
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plastic medications may vaporize un-
der normal working conditions of
temperature and pressure, creating
an exposure risk.24,25

The National Institute for Occupa-
tional Safety and Health is completing
a hazardous drug alert entitled “Occu-
pational Exposures to Hazardous
Drugs in Health Care Settings,”26 the
release of which is expected to result in
reviews of current guidelines and stan-
dards by such organizations as the
American Society of Health-System
Pharmacists and the Occupational
Safety and Health Administration.
While this is occurring, many practi-
tioners are exploring the efficacy of
new systems for preparing and admin-
istering antineoplastic agents.

PhaSeal (Carmel Pharma, Möln-
dal, Sweden; distributed by Baxa
Corp., Englewood, CO), a closed,
double-membrane system for ensur-
ing leak-free transfers of drugs, has
been shown to reduce environmental
and personnel exposure compared
with existing processes for the prepa-
ration and administration of anti-
neoplastics.27-29 The system has four
basic components:

1. An infusion adapter, the connection
between the i.v. bag and a dedicated
i.v. set. The adapter and set have a
built-in connector to allow for sealed
transfer of the medication to the bag.

2. A connector Luer-Lock, providing for
a sealed connection between the in-
jector and the i.v. administration set.

3. An injector Luer-Lock, an encapsu-
lated, specially cut cannula that is per-
manently attached to a syringe and
allows for sealed transfer of the medi-
cation by means of a double elasto-
meric membrane.

4. A protector unit, a pressure-equalizing
device that permanently attaches to
the medication vial and prevents
overpressure and vacuum.

At present, the system cannot be
deployed for use with ampuls, and
some vials are too small or large to
accommodate the protector unit. 

We wanted to test the PhaSeal
system within our institution. Al-
though chemotherapy drugs are pre-
pared at several locations in the hos-
pital, we selected as our study site an
ambulatory chemotherapy infusion
center and pharmacy located within
a specialty cancer research and treat-
ment facility that opened in Novem-
ber 2000. Currently, the infusion
center serves approximately 60 pa-
tients daily. The pharmacy prepares
approximately 15,000 doses of antine-
oplastic drugs annually. The pharma-
cy is composed of a retail operation
and a chemotherapy drug prepara-
tion area. This is adjacent to the in-
fusion center, where patients receive
their treatment on an ambulatory
care basis. The facility has new
equipment, and all personnel are
certified in the preparation of antin-
eoplastic drugs by our hospital train-
ing program.

The purpose of this study was to
assess surface contamination with
and personnel exposure to antineo-
plastic agents before and after imple-
mentation of the PhaSeal system at
our hospital.

Methods

The study consisted of evaluation
of direct personnel exposure through
urine samples and evaluation of sur-
face contamination through wipe
samples. Each set of samples was an-
alyzed for cyclophosphamide and
ifosfamide concentrations. Samples
were collected before implementa-
tion (BI) of the PhaSeal system in
December 2001 and six months after
implementation (AI). Although test-
ing was done only for these two
agents, PhaSeal was used for all anti-
neoplastic agents during the six-
month trial. The only exception to
using the PhaSeal system during our
study was for the administration of
intrathecal medications, which oc-
curred in the physician’s office, sepa-
rate from the sampling areas; in-
trathecal medications were prepared
with the PhaSeal system, however.

The study was approved by our insti-
tutional review board.

Study volunteers were recruited
from the staff of pharmacists, phar-
macy technicians, and nurses work-
ing full-time in the pharmacy and the
infusion center. Volunteers provided
informed consent to participate in
the study. Throughout the study, all
participants continued to adhere to
standard safety precautions in the
preparation of antineoplastic agents,
including the use of a class II, type A/
B3 biological-safety cabineta and
protective gowns, caps, masks, and
latex gloves. Participants provided
24-hour urine samples; each urine
void was collected separately, and the
date, time, and volume of each sam-
ple were recorded. Thirty milliliters
of each urine sample was sent for
analysis. All urine collections were
performed toward the end of the
workweek, when, theoretically, em-
ployee exposure would be highest.

Wipe samples were collected from
four areas of the infusion center and
the pharmacy. These four areas in-
cluded the class 100 cleanroom
where drug preparation occurred,
the pharmacy area where the orders
were processed and checked, the
nurses’ supply room, and the admin-
istration area. The samples were col-
lected by spreading 20 mL of 0.03 M
sodium hydroxide solution over the
surface to be sampled and wiping
with two absorbent tissues.19 The
surface area of each wipe sample was
measured, and the maximum surface
area collected from was 0.5 m2. Sev-
eral samples were taken from each of
the four areas. The samples were col-
lected from identical locations BI
and AI. Four additional wipe samples
were collected AI to examine poten-
tial sources of exposure of pharmacy
employees who were not involved in
the drug preparation but who had
detectable levels of antineoplastics in
their first set of urine samples. BI,
wipe samples were collected one
month prior to the collection of the
urine samples. AI, both wipe and
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urine samples were collected and
tested within the same week. Imme-
diately BI, all surface areas were
washed with a cationic soap solution,
followed by a diluted bleach solution,
followed again by a cationic soap so-
lution and a final alcohol wipe.

Two days of onsite training in the
PhaSeal system and one week of
practice with the system occurred be-
fore the trial. Participants in the
study were asked to record any spills
or leaks of antineoplastic drugs while
using the system during the trial.

Analysis of samples. All samples
were analyzed at the toxicology center
in our health sciences center by using
an adaptation of the techniques of Sot-
tani et al.30 Samples and working solu-
tions were stored at –20 °C before
analysis. The solutions were allowed to
come to room temperature (25 °C),
portions were removed, and the so-
lutions were returned to –20 °C.

Calibrators and quality-control
samples. Stock solutions containing
cyclophosphamideb and ifosfamidec

(100 ng/µL) used for the preparation
of the calibration samples and quality-
control samples were prepared in
methanold and stored at –20 °C. The
stock solutions were used to prepare
working solutions at cyclophospha-
mide and ifosfamide concentrations
of 10, 1, 0.1, and 0.01 ng/µL. The
working solutions were used to pre-
pare daily calibration curves and
quality-control samples. Calibration
curves were obtained by analyzing
drug-free human urine fortified with
cyclophosphamide and ifosfamide at
0.1, 0.25, 0.5, 1, 2.5, 5, 10, 25, 50, and
100 ng/mL (n = 2 for each concentra-
tion). Quality-control samples (0.1,
0.5, 5, and 50 ng/mL) were prepared
from stock solutions made from a sep-
arate weighing of reference material.

Preparation and extraction of
samples. Wipe samples. Collection
cups containing the absorbent wipes
were prepared for analysis as follows.
Ten milliliters of methanol was add-
ed to the collection cup, which was
capped and shaken for 30 minutes.

Liquid was collected from the cup
and transferred to a 16 × 100 mm
culture tube. Deuterium-labeled
phencyclidinee ([2H]PCP) was added
as an internal standard. The liquid
was made basic with 2 mL of saturat-
ed sodium boratef buffer. Samples
were extracted with 5 mL of ethyl
acetated for 30 minutes on an oscil-
lating laboratory shaker at 100 oscil-
lations per minute, then centrifuged
at high speed for 20 minutes to sepa-
rate the organic and aqueous phases.
The organic phase was collected and
evaporated at 40 °C under a stream
of air. Residues were reconstituted in
mobile phase for analysis by high-
performance liquid chromatography–
electrospray ionization–tandem mass
spectrometry (HPLC-ESI-MS-MS).

Urine samples. Two milliliters of
calibrator, quality-control, or sample
urine was fortified with [2H]PCP.
Samples were made basic with 2 mL
of saturated sodium borate buffer,
extracted with 5 mL of ethyl acetate
for 30 minutes on an oscillating labo-
ratory shaker, and centrifuged at
high speed for 20 minutes to separate
the organic and aqueous phases. The
organic phase was collected and
evaporated at 40 °C under a stream
of air. Residues were reconstituted in
mobile phase for analysis by HPLC-
ESI-MS-MS.

HPLC-ESI-MS-MS analysis.
HPLC-ESI-MS-MS analysis of sam-
ple extracts was performed with a
tandem mass spectrometerg inter-
faced with an HPLC systemh includ-
ing vacuum degasser, binary pump,
thermostatted autosampler, and
thermostatted column compart-
ment. The mobile phase consisted of
60% wateri containing 0.1% formic
acidj and 40% acetonitriled pumped
isocratically at a rate of 0.2 mL/min
at 35 °C. Chromatographic separa-
tion of analytes was achieved with a
100 × 2 mm, 3-µm HPLC column.k

The ESI source was operated with
a spray voltage of 4.5 kV, sheath gas
(high-purity nitrogen gas) at 60 psi,
and 10 units of auxilliary gas (high-

purity nitrogen gas). The heated
capillary was maintained at 250 °C.
Positive-ion precursors for cyclo-
phosphamide (m/z 261), ifosfamide
(m/z 261), and [2H]PCP (m/z 249)
were selected to pass through the first
quadrupole. In the second quadru-
pole, collision-induced dissociation
was achieved by using argon as the
collision gas (~3 mTorr) and an off-
set voltage of –30 V (cyclophospha-
mide and ifosfamide) or –20 V
([2H]PCP). Product ions monitored
in the third quadrupole were m/z
154.1 (cyclophosphamide), m/z
140.1 (ifosfamide), and m/z 164.1
([2H]PCP). Scan time was 0.5 second
per scan.

Quantitative analysis. Concentra-
tions of cyclophosphamide and
ifosfamide in the wipe and urine sam-
ples were determined by calculating
peak area ratios for the product ions
of each analyte and the internal stan-
dard ([2H]PCP). Linear-curve fits
were used to ensure accurate quanti-
tation across the dynamic concentra-
tion range of the assay (0.1–100 ng/
mL). Quantitation softwarel was
used to generate calibration curves
and to calculate cyclophosphamide
and ifosfamide concentrations in ana-
lyzed samples. Analyte concentrations
in the wipe samples were estimated by
using the urine calibration curve.

Results

The results for the wipe samples
are presented in Table 1. Seventeen
samples were taken BI and 21 AI. Be-
fore the PhaSeal system was imple-
mented, all 17 wipe samples had de-
tectable levels of cyclophosphamide;
5 of these had a cyclophosphamide
value above the linear range of the
assay. These 5 samples came from the
air-intake vent of the biological-safety
cabinet, the lid of the rigid plastic
waste container in the nurses’ supply
room, the floor in front of that waste
container, a patient chair in the drug
administration area, and the pass-
through door between the clean-
room and the pharmacy area. Eleven
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of the 17 samples had detectable lev-
els of ifosfamide. The air-intake vent
of the biological-safety cabinet yield-
ed the only sample with an ifosfa-
mide concentration above the linear
range of the assay.

AI, 14 wipe samples had unde-
tectable cyclophosphamide concen-
trations and 7 wipe samples had de-
tectable levels. Of the 7 samples with
detectable cyclophosphamide levels,
none had a concentration above the
range of the assay. All 16 wipe sam-
ples that were taken from the same
location BI and AI had lower cyclo-
phosphamide levels after the six
months.

AI, 6 wipe samples had undetect-
able ifosfamide levels, and 15 wipe
samples had detectable levels. Five of
these 15 samples had a level that was

above the range of the assay. These
five samples were collected from the
lid of the plastic waste container, an
unopened cyclophosphamide vial, a
prepared cyclophosphamide syringe,
a patient chair, and the pass-through
door. The last ifosfamide order was
processed five weeks before the second
set of wipe samples was collected.

Two 24-hour urine samples were
provided by each of eight employees,
including two pharmacists involved
in entering and checking chemother-
apy drug orders, two nurses involved
in administration, two pharmacy
technicians working in the pharma-
cy, one pharmacy technician prepar-
ing the chemotherapy doses, and one
control subject. Table 2 gives the re-
sults for the urine samples. A total of
52 individual urine samples were col-

lected from the eight participants BI.
Of these samples, 10 had detectable
levels of ifosfamide. One sample be-
longed to a technician who worked
in the pharmacy but did not prepare
chemotherapy drugs. The other 9
samples belonged to a pharmacist
who was involved in order entry and
checking. The last ifosfamide order
was processed three weeks before
these urine collections.

Eighteen urine samples had de-
tectable levels of cyclophosphamide.
One nurse had a positive sample, a
second nurse had three positive sam-
ples, one pharmacy technician had
eight positive samples, and each
pharmacist had three positive sam-
ples. Fifty-four urine samples were
collected from the same eight partici-
pants AI. All samples were below the

aBefore implementation of the PhaSeal system.
bSix months after implementation of the PhaSeal system.
cND = not detectable (below the lower limit of detection of the assay [range of assay, 0.1–100 ng]).
dValue greater than the range of the test.
eWipe sample was not collected.

Table 1.

Results for Wipe Samples

Area

Class 100 cleanroom
Biological-safety cabinet
Air-intake vent of biological-safety cabinet
Floor in front of biological-safety cabinet
Countertop
Door handle in cleanroom
Pass-through door in cleanroom
Inside pass-through opening in cleanroom
Outside of prepared cyclophosphamide bag
Unopened cyclophosphamide 2-g vial
Prepared cyclophosphamide 60-mL syringe

with PhaSeal attachments
Pharmacy

Countertop
Pharmacy counter under mat
Pass-through door in pharmacy
Inside of distributor tote
Styrofoam tray for chemotherapy drugs

Nurses’ supply room
Countertop
Lid of rigid plastic waste container with

disposable liners
I.V. bag hanger
Floor in front of rigid plastic waste container

Drug administration area
Countertop at nurses’ station
Patient chair
I.V. stand by patient chair

Control area

Cyclophosphamide

>000.18 (0.111)
>100 (>0.33)d

>007.71 (0.009)
>004.16 (0.005)
>004.16 (0.009)
>100 (>0.11)
>021.2 (0.024)

. . .

. . .

. . .

>005.88 (0.0065)
>000.35 (0.0004)
>010.6 (0.012)

. . .

. . .

>006.7 (0.008)

>100 (>0.11)
>016.7 (0.027)
>100 (>0.11)

>027 (0.03)
>100 (>0.11)
>000.16 (0.0027)

ND

Ifosfamide

      NDc

>100d (>0.33)
         1.16 (0.0013)

      ND
        0.3 (0.0007)
        0.87 (0.001)
        0.61 (0.0007)

      . . .
      . . .

      . . .

      ND
      ND
      ND
      . . .
      . . .

        0.28 (0.0003)

        1.71 (0.002)
        0.53 (0.0009)
      22 (0.025)

        2.4 (0.003)
      68 (0.076)

      ND
      ND

Amount of Contaminant, ng (ng/cm2)

Cyclophosphamide Ifosfamide

ND
ND
ND
ND
. . . e

ND
     2 (0.0022)

ND
     5 (0.037)

ND

ND
ND
ND
ND

 80 (1)

ND

ND
ND

 10 (0.01)

    1 (0.001)
    3 (0.003)
<1 (<0.017)

ND

        1 (0.001)
        1 (0.015)

ND
ND
. . .

>100 (>0.11)
        9 (0.01)

ND
>100 (0.737)

>100 (>0.3)

ND
        1 (0.001)
        1 (0.001)

ND
ND

        1 (0.001)

>100 (>0.11)
         1.5 (0.002)
      10 (0.01)

        2 (0.002)
>100 (>0.11)

ND
ND

Before Implementationa After Implementationb



REPORTS

2318 Am J Health-Syst Pharm—Vol 60  Nov 15, 2003

Closed-system protective device

limits of detection for cyclophospha-
mide and ifosfamide.

Discussion

The PhaSeal system appeared to
reduce employee exposure to and
surface contamination with cyclo-
phosphamide and ifosfamide. One
limitation of this study is that it was
descriptive. A control group was not
practical because of the small num-
ber of staff working in the chemo-
therapy infusion center and pharma-
cy and the expense of the analytical
methods. The clinical implications of
the levels of personnel exposure are
unknown. Nonetheless, it is unset-
tling for any detectable levels of che-
motherapy drugs to be present in the
workplace environment. While the
PhaSeal system appeared to reduce
surface contamination and employee
exposure, it was used in conjunction
with established protective mecha-
nisms (biological-safety cabinet,
gown, and gloves). The study also did
not assess vaporization of these drugs
during preparation.

For the first urine collection, three
employees did not have detectable
levels of cyclophosphamide and ifos-
famide in any of their samples. These
three employees included a control
worker who did not work in the infu-
sion center or pharmacy, a pharmacy
technician who worked in the phar-
macy, and a technician who was al-
ways fully gowned, gloved, and
masked when handling chemothera-
py drugs. The five employees who
had detectable levels could have been
exposed in numerous ways, includ-
ing handling vials or touching previ-
ously contaminated surfaces. During
the first urine-collection period, 13
orders accounting for 15.4 g of cyclo-
phosphamide were prepared. During
the second urine-collection period,
14 orders accounting for 16.8 g of
cyclophosphamide were prepared;
however, cyclophosphamide was not
detectable in all samples. Ifosfamide
had last been prepared three weeks
prior to the first urine collections, yet

two personnel had detectable levels
of that agent. The second set of wipe
samples revealed an increase in sur-
face contamination with ifosfamide,
yet the last ifosfamide order was pre-
pared five weeks previously. Al-
though surface contamination de-
creased for cyclophosphamide but
increased for ifosfamide, both agents
were not detectable in the second set
of urine samples.

We have since revised our policies
and procedures for handling anti-
neoplastic agents. We are investigat-
ing more segregated storage loca-
tions throughout our pharmacies
and wearing gloves when handling
any chemotherapy agents, including
when checking stock, handling pack-
aging, and checking prepared prod-
ucts. We are also implementing the
PhaSeal system in all locations within
our institution involved in the prepa-
ration and handling of chemothera-
py drugs.

Two recent studies support our
findings. In the first study, fluoresce-
in dye was used to examine spillage
during chemotherapy drug prepara-
tion with and without PhaSeal.31 The
second study looked at both surface
contamination and airborne emis-
sion.32 Both studies found that con-
tamination was reduced with the
PhaSeal system.

Two other studies also used urine
concentrations to assess personnel
exposure when handling antineo-
plastic drugs.33,34 The clinical impli-
cations of detectable urine levels of
these agents are unknown.

Unlike a biological-safety cabinet,
which represents a one-time capital
expenditure that can be depreciated,
PhaSeal creates an added annual ex-
pense. Depending on configuration
and order volume, this system may
add $6–$15 to the cost of each che-
motherapy drug infusion. During
this study, we purchased the PhaSeal
system at a price negotiated by our
group purchasing organization. We
estimate that the system would add
approximately $300,000 in annual
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expenses if deployed fully across our
entire hospital system. It is possible
to add the cost of the system to the
cost of the chemotherapy drug infu-
sion; however, reimbursement will
vary according to payer mix. With
our existing payer mix, we are recov-
ering approximately 50% of our ex-
penditures on this product. Medicare
is considering classifying this system
as a reimbursable device, but this is
typically a slow process.

Our most compelling reason for
implementing the PhaSeal system
was our ethical responsibility to safe-
guard our employees. Our study
demonstrated a potential health risk,
as well as identified a tool that ap-
pears to reduce that risk. The staff,
after seeing our study results, ex-
pressed concern about the potential
exposure and interest in the system’s
potential to minimize it.

Before beginning this study, we
consulted the hospital’s attorneys.
Our concerns centered on what legal
risk we would generate if we demon-
strated that we were exposing our
employees to measurable levels of cy-
totoxic agents. The legal staff re-
sponded that, since we were adhering
to accepted standards of practice, our
risk would be no greater than that in
any other health care organization.
However, the lawyers said, if we
demonstrated a problem and a po-
tential solution and chose not to pur-
sue that solution, our liability could
increase. Although no direct causal
relationship between cytotoxic expo-
sure in the workplace and adverse se-
quelae has been established, the pos-
sibility remains. We have chosen to
minimize that exposure and liability
risk to the greatest degree possible.

The PhaSeal system will not be ef-
fective if poor technique is used dur-
ing the preparation and the adminis-
tration of antineoplastic agents. The
system should be employed in con-
junction with current recommenda-
tions, such as using biological-safety
cabinets, class 100 cleanrooms, and
gloves, gowns, caps, and masks.

Conclusion

The PhaSeal system appeared to re-
duce surface contamination with and
exposure of health care personnel to
cyclophosphamide and ifosfamide.

aModel SG 403, Baker Sterile Gard III Ad-
vance, Sanford, ME.

bCyclophosphamide, Sigma, St. Louis, MO.
cIfosfamide, Ifex, Mead Johnson Oncology.
dBurdick and Jackson, Muskegon, MI.
eDeuterium-labeled phencyclidine, Cerril-

iant, Austin, TX.
fSodium borate, Mallinckrodt Specialty

Chemicals, St. Louis, MO.
gAP12 Performance Pak-equipped TSQ

tandem mass spectrometer, ThermoFinnigan,
San Jose, CA.

hSeries 1100 HPLC system, Agilent, Palo
Alto, CA.

iWater filtered with Milli-Q filter, Milli-
pore, Bedford, MA.

jConcentrated formic acid 88%, J. T. Baker,
Phillipsburg, NJ.

kPolaris HPLC column, Metachem Tech-
nology Inc., Lake Forest, CA.

lLCquan, version 1.2, ThermoFinnigan.
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